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(54) Laser piercing method, laser processing nozzle, and laser cutting apparatus 


(57) In a piercing operation prior to the laser cutting 
of steel, etc., the development of a technology In which 
a piercing hole of the intended shape is obtained in a 
shon time, even for a thick cut work. 

An oxygen gae (15) coaxial to the laser beam (14) 
applied towards the cut work (12) and a low concentra- 
tion gas (i 7) with a low oxygen concentration and major 
components comprising nitrogen gas, air, or a mixture 
ihereof discharged from an outer gas nozzle (IB) dis- 
posed so as to surround the outer side of the flow of this 
oxygen gas (15) is supplied and disposed towards said 
cut work (12), and can realize shortening of the time, 
etc , of the piercing operation time by applying a laser 
beam (14) to the cut work (12). In addition, a laser 
processing nozzle (11) provided with an inner gas noz- 
zle (16) which discharges oxygen gas (1 5) and an outer 
gas nozzle (16) wnich discharges low concentration gas 
(17), and a laser cutting apparatus provided with this 
nozzle (in) is provided 


FIG.l 
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Description 

Background ol the Invention 

Field of the Invention 

[0001] The present invention relates to a laser pierc- 
ing method, a laser processing nozzle, and a laser cut- 
ting apparatus applied in the laser cutting of a cut work, 
such as a steel plate. 

Description of (he Related Art 

[0002] In cutting, lor example, a thick steel plate (a 
steal plate with a thickness of 6 mm or greater) by laser, 
usually the intended cutting operation commences auer 
executing a piercing operation. 
[0003] Generally, a piercing operation, as shown in 
Fig. 13. consists in applying a laser beam 2 from a cul- 
ling no^le 1 lo the cut work 3, such as a steel plate, 
heating the cut work 3, and at the same ume. by sup- 
plying an assist gas 4 which is coaxial to the laser beam 
2. forming the piercing hole 5 by removing the molten 
metal 6 form Ihe heated part ol the cut work 3 by the 
kinetic energy of the assist gas 4- When implementing 
the piercing operation, part of the molten metal 6 accu- 
mulates around the piercing hole 5, and one part is scat- 
tered to places separated Irom the piercing hole 5. 
[0004] As an assist gas 4, usually oxygen is used By 
using oxygen gas when the piercing operation is exe- 
cuted, there is the advantage that the piercing operation 
can be executed with high efficiency because a high en- 
ergy is obtained by the oxidation of the molten material 
due to the oxygen gas. In addition, in the application 
condition of the laser beam 2 during piercing, the pulsed 
oscillation is generally equal to or less than 100 Hz, but 
by increasing the output of the laser beam 2 In a state 
of continuous oscillation, it is possible to form the intend- 
ed piercing hole 5 in a short lime, and the piercing op- 
eration time can be shortened. 
[0005] However, when increasing the output of the la- 
ser beam 2, the problems occur that: 

a. the piercing hole 5 diameter increases 

b. the blowing away the molten metal greatly in- 
creases, 

c. due to b, Ihe cutting nozzle 1 and the focusing 
lens are sometimes damaged. 

d. the sputter adhering lo the cut work 3 jnci eases, 
and 

e. due to d. incomplete cutting Is produced when 
the intended cutting commences 

[0006] In addition, in consideration of these problems, 
in recent years attempts have been made to execute the 
piercing operation at high speed by raising the peak out- 
put of the pulse ol the laser beam. However, because 
the problGm of the adhesion of sputter lo the lens and 


nozzle, no basic solution has been found for this prob- 
lem. 

[0007] Furthermore, attempts have been made to pre- 
vent the blowing away of molten metal and adhering of 
s sputter by controlling the laser beam output during the 
piercing operation, but the piercing speed follows the 
control speed, and there are Emits to increasing the 
speed. 

[0008] Because of the above described situation, it is 

10 unavoidable that the piercing operation take a long time 
tor a thick plate in particular. Furthermore, it is difficult 
lo obtain the intended shape of the piercing hole. In or- 
der to ensure the passage of the assist gas and the re- 
moval of molten metal when switching from piercing to 

<£ cutting, as well as stabilize the cut at the beginning of 
the cutting, it is desirable that the cross section and the 
mnersurfaceot the piercing hole be a perfect circle hav- 
ing a diameter close to the external shape of the laser 
beam and be smoothly formed. However, in the piercing 

so operation for a thick plale, because the removal of mol- 
ten metal from me piercing hole during format ion is even 
more difficult, there are many cased in which the diam- 
eter of the piercing hole may become extremely large 
and the shape of the cross section become distorted, 
and due to the adhering of dross, the inner surface be- 
comes extremely irregular. Thus, when switching from 
piercing to cutting, the probability of producing an in- 
complete cut becomes higher, in addition, there is an 
increase in self burning (sudden local burning of the cut 

30 work 3. etc.) ai the commencement of the cutting and 
the cut becomes unstable. However as the piercing 
time becomes long, the amount of heat input into the cut 
work becomes large during the piercing operation, the 
cut work becomes heated to a high temperature, and 

3& thereby when switching from piercing to cutting, there is 
excessive melting, and again an the probability of pro- 
ducing an incomplete cut becomes high. 
[0009] In this manner, h the piercing operation for a 
thick plale, because it is difficult to obtain the intended 

40 shape of the piercing hole and because the cui work is 
healed to a high temperature due to the long piercing 
time thereby making excessive melting easily produced, 
the problems arise that incomplete culling is easily pro- 
duced, the cut at the commencement of cutting is un- 

45 stable, and safely obtaining a high quality cut is not pos- 
sible. 

poiO] When executing the piercing operation with a 
fixed pulsed oscillation, as shown In Fig. 14 r with the 
passage of the piercing time, that is, along with the 
so progress of the piercing, it is clear that the amount of 
molten metal removed from the piercing hole per unit of 
time gradually decreases. The cause is that as the pierc- 
ing hole gradually increases in depth as the piercing op- 
eration progresses, it is increasingly difficult lor the mol- 
ton metal inside the piercing hole being formed to be 
removed to the outside of the cut work. In fact, if the 
piercing is stopped midway, and the cross section of the 
piercing hole under formation is observed, it is possible 
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lo see that there is a rehardened layer, which was ones 
melted but then hardened again, at the bottom of the 
piercing hole. 

[0011] In this manner, if the removal o( molten metal 
produced during ihe piercing operation is not smoothly 5 
removed, there may be an great increase in melting be- 
cause the piercing operation time becomes lengthened, 
and in addition lo this becoming a vicious cycle, influ- 
ences the cutting operation which follows the piercing 
operation. 

Summary of the Invention 

[0012] In consideration of the above, ii is ihe object ol 
the present invention provide a laser piercing method, 
a laser processing nozzle, and a laser cutting apparatus 
which reliably obtain a piercing hole of the intended 
shape in a short time, and can improve the cutting qual- 
ity of the cutting after switching from the piercing oper- 
ation. 

[0013] By carrying out the piercing operation by ap- 
plying a laser beam to the cut work while discharging 
and supplying towards the cut work highly pure oxygen 
gas, which is discharged coaxially to the laser beam 
which is applied towards the cutting work and a low con- 
centration gas having a low concentration of oxygen dis- 
charged from an outer gas nozzle disposed surrounding 
Ihe outside of this oxygen gas flow, prevention of excess 
melting of the cut work and the smooth removal of mol- 
ten metal can be realized, and by increasing the efficien- 
cy of the piercing, the piercing operation time can be 
shortened. Prevention of excess melting can be realized 
by supplying a k>w concentration gas, in particular, by 
forming an oxygen concentration distribution such that 
the oxygen concentration in the vicinity of the surface in 
the piercing hole is lowered The removal of molten met- 
al from the piercing hole is performed by the high speed 
flow of the oxygen gas and the low concentration gas. 
[0014] Because the prevention of excess melting and 
the smooth removal of molten metaf make possible us- 
ing a continuous oscillation, high output laser beam the 
piercing time can be greatly shortened. Furthermore, by 
the prevention of excess melting and the smooth remov- 
al of molten metal, a piercing hole of the Intended shape 
can be reliable obtained, 

[0015] In this manner, it is possible to reliably obtain 
in a short time a piercing hole of the intended shape, 
and furthermore, because healing due lo the thermal in- 
put to the cut work is greatly decreased, it is possible to 
realize a smooth commencement of culling in thecutting 
operation after piercing, and improving the quality of the 
cutting. 

[0016] Technology has boon proposed wherein the 
piercing hole is formed while oxygon gas is supplied and 
discharged coaxially with the laser beam to the position 
of application of the laser beam on the cut work, and, 
for example, nitrogen gas is supplied and discharged as 
a blow gas from the blow gas nozzle positioned in Ihe 


vicinity of the side of the cutting nozzle. Technology ob- 
tains the piercing hole of the Intended shape while blow- 
ing away molten metal and sputter, etc.. produced dur- 
ing the piercing operation by this glow gas. In this tech- 
nology, it has been found that it Ihe blow gas is enters 
the piercing hole during formation, by slightly lowgring 
the oxygen concentration in the piercing hole, the adhe- 
sion of dross and the excessive melting of the cut work 
are suppressed, and a piecing hole of the intended 
shape can be reliably obtained. 
[0017] However, in the formation of a piercing hole in 
a thick plate, such as one having a thickness exceeding 
12 mm the blow gas discharged from Ihe blow nozzle 
on the side of the nozzle enters ihe hole with difficulty, 
and it is difficult for the blow gas to reach the inside of 
the piercing hole during formation m the cut work. Thus, 
the effect of preventing the excessive melting by the low- 
ering of the oxygen concentration due to the blow gas 
with a low oxygen concentration by the cannot be suffi- 
ciently obtained. Furthermore, in the blow gas dis- 
chaiged from one side of the cutting nozzle, it is difficult 
io make the lowering of the oxygen concentration inside 
the piercing hole uniform, and the uneven distribution of 
the oxygen concentration in the piercing hole cannot be 
avoided, and tho effect of lowering the oxygen concen- 
tration cannot be sufficiently obtained. 
[0018] in the technology disclosed in prior applica- 
tions, if the piercing operation is carried Out on a thrn 
plate with a thickness of a few millimeters, the effect ob- 
tained from lowering the oxygen concentration by a blow 
gas can be obtained without a problem, but in forming 
a piercing hole in a thick plate exceeding 12 mm in thick- 
ness, there is the problem that the effects of preventing 
excessive melting and removal of molten metal, etc.. by 
lowering the oxygen concentration is negligible. 
[0019] The laser piercing method of the present in- 
vention is executed before the laser cutting of he cut 
work, and is characterized in discharging and supplying 
towards this cut work a highly pure oxygen gas coaxially 
with the laser beam applied to the cut work, and at the 
same time, applying to the cut work a laser beam while 
discharging and supplying to the cut work a low concen- 
tration gas having a low oxygen concentration and ni- 
trogen gas, or air, or a mixture thereof as the mam com- 
ponents from an outer gas nozzle 6urroundtng the out- 
side of the flow of the oxygen gas. 
[0020] In this method, because the low concentration 
gas is used focused in the vicinity of the position of the 
application of the laser beam to the cut work, the molten 
metal, sputier, etc., in the vicinity of the position of the 
application of the laser beam can be blown ewey. and 
thereby removed with high efficiency. Furthermore, be- 
cause this low concentration gas, following the oxygen 
gas, ie supplied at the position of the application of the 
laser beam, it also enters into the piercing hole under 
formation by the laser beam, and can remove the molten 
meta! from the piercing hole by blowing it out Because 
of this, even if the prereing hole is deep, since the pierc- 
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ing hole is formed while the molten metal is removed 
from inside tne piercing hole with high efficiency, there 
is no influence of dross, etc, and a piercing hole ol the 
intended shape can be formed even, for example, when 
a piercing hole is lormed in a plate (steel plate) having 5 
a thickness exceeding 12 mm 
[0021] Generally as an oxygen gas, a highly pure ox- 
ygen gas having a purity of 99 5% or greaier is used, In 
addition, 8 small amount of nitrogen gas, etc , can be 
mixed into the oxygen gas, as necessary. As a low con- to 
cenlration gas, nitrogen, air, a gas mixture of nitrogen 
and arr, or a gas other than air mixed in nitrogen (oxygen 
and an inert gas) can be mixed and used as a mixed gas, 
[0022] The oxygen gas can reach into the interior of 
the piercing hole even when the piercing hole becomes t5 
deep during the progress of ns formation, and mis can 
speed the formation of the piercing hole. On the other 
hand, because low concentration gas enters particularly 
in the vicinity of the inner surface ol the piercing hole 
during formation and mixes with oxygen gas, there is a SO 
tendency for the oxygen concentration 10 be lowered. 
Due to this, excess melting of the cut material can be 
prevented, and as a result in the piercing hole a smooth 
inner surface is obtained. Because the tow concentra- 
tion gas also, along with the oxygen gas, is supplied and 2$ 
discharged into the piercing hole, it is easy for the gas 
to reach the inierior of the piercing hole, and even when 
the piercing hole is deep, over the entire piercing hole, 
it i6 possible to form the intended oxygen concentration 
distribution, and the resud of reliably preventing excess &> 
melting of he cut work can be obtained; 
[0029] In addition, because the low concentration gas 
is supplied and discharged from the outer gas nozzle 
surrounds the oxygen gas, it can act uniformly in the 
piercing hole, and can lower the oxygen concentration ^ 
in the vicinity of the inner surface of the piercing hole 
uniformly. Because of this, the effect of preventing ex- 
cess melting by lowering the oxygen concentration can 
be obtained uniformly along the inner surface ol the 
piercing hole, and H is possible to reliably form a piercing 40 
hole with intended shape 

[0024] Therefore* with this method, even without rais- 
ing the output at the pulse peak of the laser beam or 
special output control, the piercing operation for a thick 
plate can be executed by the same laser beam as a typ- «s 
ical piercing operation, In addition, because preventing 
melting of the cut work and removal of molten metal can 
be carried out reliably, d is also possible 10 use a con- 
tinues oscillation, high output laser beam, and thereby 
greatly reduce the piercing time. so 
[0025] When a piercing hole is obtained without the 
adhesion of dross, etc., and a smooth inner surface, af- 
ter the formation ol the piercing hole, it is possible to 
commence the cutting operation 6moothry, and a 
smooth cutting surface even in the vicinity where the cut- ss 
ting commenced can be obtained, and a product of su- 
perior quality are obtained Furthermore, if the piercing 
lime is short, because the heat input into the cut work 


can be reduced, and it is possible to reduce excess melt- 
ing of the cut work at the commencement of cutting, it 
is possible to smoothly commence the cutting operation. 
[0026] In order to reliably obtain the effect of the 
present invention, as recited in Claim 2, C is preferable 
that the discharge direction of the low concentration gas 
be inclined towards the center of the oxygen gas dis- 
charged towards the cut work. When the direction of the 
discharge of the low concentration gas is inclined to- 
wards the center of the oxygen gas which discharges 
towards the cut work, it is possible to make the low con- 
centration gas act focus on the piercing hole during for- 
mation, and the form of the oxygen concentration distri- 
bution in the piercing hole and the removal of molten 
metal, etc., can be greatly improved, producing a supe- 
nor result. 

[0027] In addition, in the present invention, it is pos- 
sible for the focus position of the laser beam piercing 
applied to the cut work during piercing to be different 
during the later culling operation, and the distance of 
the separation of the laser processing nozzle with re- 
spect to the cut work to be different during the later cut- 
ting operation, and thereby during piercing or cutting, 
the optimal laser beam focus position and nozzle posi- 
tion can be obtained. 

[0028] In addition, the laser processing nozzle used 
in order to realize the above-described laser piercing 
method, as recited in Claim d, is used in a laser piercing 
operation carried out before the laser cutting of a cut 
work, and is characterized in providing an inner gas noz- 
zle that the laser beam applied to the cut work passes 
through and discharges a high purity oxygen gas to- 
wards the cut work eoaxially to the laser beam, and an 
outer gas nozzle which is provided surrounding the out- 
er side of the inner gas nozzle, end supplies and dis- 
charges towards the cut work a low concentration gas 
having a low oxygen concentration and a nitrogen gas, 
air. or a mixture thereof a's main components 
[0029] This laser processing nozzle is generally used 
not only for laser piercing operation, but for laser cutting. 
[0030] Moreover, in order to obtain the effect of the 
present invention more reliably, as recited in Claim 10, 
It Is preferable that the vicinity of the opening of the outer 
gas nozzle be inclined so mat the discharge direction of 
the low concentration gas is inclined towards the center 
of the oxygen gas flow discharging towards the cur work. 
[0031] In addition, the laser cutting device recited in 
Claim 1 1 is characterized by being equipped with the 
laser processing nozzle recited in Claim 9. 
[0032] In this invention, providing an oil application 
mechanism which applies oil to tne cut work (Claim 1 2), 
providing a lens drive mechanism which alters the focus 
position of the laser beam by moving the Ions basod on 
data provided in advance (Claim 13). providing a con- 
tounng mechanism which automatically controls the 
separation distance of the laser processing nozzle with 
respect to the cut work based on this data provided in 
advance (Claim 14). and providing a nitrogen concen- 
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tration controlling mechanism which controls the nitro- 
gen concentration in the low concentration gas by mix- 
ing oxygen gas with a low concentration ga$ discharging 
from the outer gas nozzle are more preferable. Moreo- 
ver, in the area of the position intended for piercing, be- 
fore application ol the laser beam> oil is applied in ad- 
vance, and thereby it is possible to prevent the adhering 
of 6putter and molten metal scattered in the piercing op- 
eration to the cut work.. Thus, when moving trom the 
piercing operation to the cutting operation, damage to 
the cutting by the sputter and the molten metal can be 
avoided, thereby producing a produce or superior qual- 
ity. 

Brief Description of the Drawings 

[0033] Fig. 1 is a frontal view enowmg diagrammati- 
eally the vicinity of the processing head of the laser cut- 
ting apparatus during the piercing operation of the first 
embodiment of the present invention. 
[0034] Fig. 2 is a frontal view showing diagrammaii- 
cally the vicinity of the processing head of the laser cut- 
ting apparatus during the cutting operation of the first 
embodiment of the present invention. 
[0036] Fig. 3 is a frontal cross-section showing an ex- 
ample ol the laser processing nozzle applied to laser 
cutting apparatus of Fig. 1 . 

[0036] Fig. 4 is a frontal cross-section showing anoth- 
er example of a laser processing nozzle applying the 
laser cutting apparatus of Fig 1 
[0037] Fig. 5 is a frontal view showing an example of 
the laser processing nozzle and the oil applying mech- 
anism applying the laser cutting apparatus of Fjg. 1. 
[0036] Fig. 6 is a perspective view showing the vicinity 
of the piercing hole during formation in the laser cutting 
apparatus of Fig. 1. 

[0039] Fig. 7 is a frontal view showing the laser 
processing nozzle furnished with an oP application ap- 
paratus which mixes oil with a low concentration gas dis- 
charged from the outer gas nozzle. 
[0040] Fig. 6 Is a graph showing the relationship be- 
tween the piercing time and the distance L from the cut 
work surface to the piercing focus position. 
[0041] . Fig 9 is a graph snowing the relationship be- 
tween the piercing diameter and the distance L from the 
cut work surface to the piercing focus position. 
[0042] Fig. 10 is a graph showing me relationship be- 
tween the piercing diameter and the angle of inclination 
h m the vicinity of the opening of the outer gas nozzle. 
[0043] Fig. 11 is a graph comparing the piercing time 
with the continuous oscillation of a laser beam and a 
pulsed oscillation of a laser beam. 
[0044] Fig. 12 is a frontal cross-section showing the 
laser processing nozzle providing the oxygen supplying 
pan which mixes the oxygen with the low concentration 
gas discharged from tho outer gas nozzle. 
[0045] Fig 13 is a frontal view showing a conventional 
example of a cutting nozzle. 


[0046] Fig. 14 is a graph showing the increase in the 
amounl ol monen metal removal which accompanies 
the progress of the piercing using a pulsed oscillation 
laser beam. 

$. 

Description of Preferred Embodiments 

[0047) Below, an embodiment of the present invention 
referring to the drawings. 

(0048] Fig. 1 and Fjg. 2 are frontal views showing the 
vicinity of the processing head 10 of the laser cutting 
apparatus* Fig. 1 is during piercing, and Fig. 2 is during 
cutting. 

[0049] In Fig. 1, in the laser piercing operation using 
this laser culling apparatus is carried out by raising and 
lowering the laser processing nozzle 11 (hereinafter ab- 
breviated as "nozzle") by activating me nozzle activation 
mechanism M2. and positioning it at an appropriate po- 
sition approaching the cut work 12 horizontally posi- 
tioned below, and at the same time, by raining and low* 
ermg the lens 1 3 by activating the lens activation mech- 
anism Ml, positioning it where the laser beam applied 
to this cut work converges sop as to join the focal point 
of the cut work 12. 

[0050] Fig. 3 is a cross-section showing a nozzle 1 1a 
which is an example of the nozzle 1 1 . 
[0051] In Fig. 3, the nozzle Ha provides an inner gas 
noZ2le 16 through which the laser beam 14 (not shown 
m Fig. 9) passes, and which discharges highly pure 
(99 5% or greater) oxygen gas 15 towards the cut work 
12 coaxialfy to the laser beam 14 (not shown in Fig, 3). 
and an outer gas nozzle 1 8 which surrounds the outside 
of the Inner gas nozzle 1 6 and supplies and discharges 
towards the cut work 1 2 a low concentration gas 17 hav- 
ing a low oxygen concentration with nitrogen gas, air, or 
a mixture thereof as main components. The optical axis 
of the laser beam 1 4 nearly agrees with the central axis 
of the inner gas nozzle 16. The outer gas nozzle 18 is 
concentric to the inner gas nozzle 15. Therefore, in this 
nozzle 11 a. the oxygen gas 15 and the low concentra- 
tion gas 17 from the interior and exterior gas nozzles 1 5 
and 18 is supplied anddischarged parallel to each other 
towards the cut work 12. 

[0052} In Fig. 3, the mass flow controller (hereinbelow, 
abbreviated as "MFC") 31 controls the amount o1 flow 
of the mass flow of the oxygen gas 15 discharged from 
the inner gas nozzle 16, and the mass flow controller 
(hereinbelow, abbreviated "MFC) 32 controls the 
amount of the mass flow ol Ihe low concentration gas 
17 which is discharged from the outer gas nozzle 16. 
[0053] Fig. 4 is a cross-section showing a nozzle 1 1 b 
which is another example of the nozzle 1 1 . 
[0054] In Fig. 4, the nozzle 11b slopes tn the vicinity 
of the opening 1 8a of the outer gas nozzle 1 S in the noz- 
zle 11a, and the direction of the discharge of the low 
concentration gas 17 inclines toward the center of the 
oxygen gas flow 1 5 which is discharged towards the cut 
work 12. The olher parts of the nozzle 11 b are formed 
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m the same manner as nozzle 11a. 
[0055] By this no?7l© 71b, the low concentration gas 
17 discharged from the outer gas nozzle 18 mixes with 
the oxygen gas 1 5 discharged from the inner gas nozzle 
16. and reaches the cui work 12 * 
[0056J As shown in Fig 5, at the side of the nozzle 1 1 , 
an oil application mechanism 20 which applies oil 19 to 
the cut work 1 2 is provided, in Fig. 5. the oil application 
mechanism 20 provides a blow nozzle 23 which is dis- 
posed adjacent to the side ot the nozzle 11 , faces the to 
intended piercing position 21 o1 the cut work 21, and dis- 
charges blow gas 22, and in the oil mixing part 25 which 
is provided at a position on the blow gas pipe 24 sup- 
plying bow gas 22 to this blow nozzle 23, aiomi2ed oil 
1 9 is mixed wjih the blow gas 21 . In addition, when blow is 
gas 22 is discharged towards the intended piercing po- 
sition 21, the oil 19 mixed therein is applied by blowing 
to the cut work, along with the blow gas 22. Because the 
blow gas 22 makes contact with the cut work in the vi- 
cinity of the iniended piercing position 21, the oil 19 in 20 
the blow gas 22 is applied in this range. 
[0057] The oi: application mechanism 20 is operated 
before the commencement of the piercing operation 21, 
and the off 19 Is applied on the cut work 12 fn the vicinity 
of the intended piercing position and to the lower end of 2B 
the no22lc 11. After the application of oil 19 is complete, 
by a moving mechanism not shown in the figure, the oil 
application mechanism 20 is quickly shunted to a posi- 
tion separated from the nozzle IV By the shunting being 
carried out before the piercing operation, the sputter and SO 
molten metal produced by the piercing operation is pre- 
vented from adhering to the blow nozzle 23, clogging of 
the blow nozzle 23, etc., is prevented, and the oil apply- 
ing capacity of the oil application mechanism 20 is main- 
tained. After the piercing operation, when the laser cut- ss 
ting apparatus starts the piercing operation, the oil ap- 
plication mechanism 20 Is agam disposed at the plow 
position at the side ot the nozzle 11 by the moving mech- 
anism. * 

[0058] Moreover, as an oil mixing pari 25, it is possible *o 
to use several kinds of construction. 
[0059] As shown in Fig. 1 , in the piercing operation, 
while a low concentration gas 17 with a low concentre* 
lion of oxygen is discharged towards the cut work 12 
from the outer gas nozzle 1 8 disposed surrounding the <5 
outside of tne flow of the oxygen gas 1 5 along with me 
oxygen gas 15 from the inner gas nozzle 16 being sup- 
plied and discharged towards the cut work 1 2. the laser 
beam 1 4 is applied to the cut work 1 2. In Fig. 1 . the pierc- 
ing focal point position 14a of the laser beam 14 is at so 
the center part in the direction of the thickness oi the cut 
work 12. 

[0000] As shown in Fig. 6. the gases 15 and 17 dis- 
charged from both ga6 nozzles 16 and 16 of nozzte 1 1 
are used concentrated in the vicinity of the piercing hole 
26 during formation at the intended piercing position 21. 
and both go into the piercing hole 26 Due to this, be- 
cause the epuuer And the molten metal produced by the 


piercing operation are rapidly removed from the piercing 
hole 26 by the gases 15 and 17, adhesion of the sputter 
and molten metal inside the piercing hole is prevented, 
and a piercing hole 26 of the intended shape can be re- 
liably obtained. In addition, the sputter and the molten 
metal are prevented form entering the process head 10 
from the nozzte 11 and adhering to the lens 1 3 
[0061] The center of the inside of the piercing hole 26 
during formation obtains a high oxygen concentration 
due to the oxygen gas 15 discharged from the inner gas 
nozzle 16, and the formation of the piercing hole 26 is. 
promoted. In contrast, in the vicinity of the inner surface 
of the piercing hole 26, by the low concentration gas 17 
discharged from the outer gas nozzle 16 being mixed 
with the oxygen gas 15. the oxygen concentration is low- 
ered, excess melting of the cut work 1 2 can be prevent- 
ed, and a smooth inner surface obtained. Because the 
tow concentration gas 17 is supplied and discharged 
uniformly from the outer gas nozzle 16 surrounding the 
vicinity of the outside of the inner gas nozzle 16, ihe ox- 
ygen concentration is uniformly lowered in the area 
around the inner surface of the piercing hole 26. Be- 
cause of this, in the piercing hole 26. a smooth surface 
is uniformly obtained, and a small round piercing hole 
26 having a shape almost the same as the outer shape 
of the laser beam 14 can be reliably obtained. 
[0062] The excess melting of the cut work 12 in ihe 
vicinity of the inner surface of the piercing hole 26 being 
prevented mean© that only a small amount of molten 
metal must be removed from the piercing hole 26, and 
this itseff contributes to shortening the piercing time. 
[0063] In this manner, because the removal of the 
sputter and molten metal from the piercing hole 26 is 
very efficient and lurther excess melting is prevented by 
the oxygen concentration distribution, it is possible to 
use a continuous oscillation, high output laser beam 14. 
and by this laser beam 14, a piercing hole 26 of the in- 
tended shape can be formed efficiently in a short time. 
[0064] When the small piercing hole 26 is formed in a 
short time, the heat input 10 the cut work 12 can be re- 
duced. Therefore, even moving to the laser cutting of 
1he cut work 12 continuously after the completion of the 
piercing operation, it is possible to reduce excess melt- 
ing of the cut work 1 2 in the vicinity of the piercing hole 
26, and a smooth cut surface can be obtained even in 
the vicinity of the posit tan of the commencement of (he 
cutting, and thereby the quality of the cut can be im- 
proved. Furthermore, by the above-described piercing 
operation, in the piercing hole 26, because the intended 
shape can be reliably obtained, incomplete cuts can be 
prevented and the laser cutting can always commence 
smoothly. 

[0065] Because oil 19 16 applied in advance, before 
the piercing operation, by the oil applying mechanism 
20 to the cut work 1 2 in the vicinity of the intended pierc- 
ing position 21 and lower part of the nozzle 11 , it is pos- 
sible to prevent adhesion of sputter and scattered mol- 
ten metal produced by the piercing operation If the ad- 
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hcsion sputter and molten metal on Ihe cut work 1 2 can 
be prevented, damage to the other operations, such as 
cutting, by this spuller and molten metal can be prevent- 
ed. II adhesion of the sputter and molten metal to the 
nozzle 11 can be prevented, clogging of the gas nozzles $ 

16 and 1B, etc., can be prevented. 
[0066] Moreover, as an oil applying mechanism, as 
shown in Fig. 7, h is possible 10 use a structure wherein 
an oil mixing part 28 which mixes atomized oil 19 with 
low concentration gas 17 can be provided on the gas 
flow path 27 which supplies the low concentration gas 

17 to the outer gas nozzle 18. In this oil application 
mechanism, it is possible to apply oil 19 to Ihe nozzle 
11 and to the cut work 12 in the vicinity of the intended 
piercing position 21, and there is almost no hindrance 
to stably obtaining a high quality cut 
[0067] In Fig. 2, m the laser curling operation, the noz- 
zle 11 is lowered 10 only a distance s (see Fig. 1) from 
the position during the piercing operation by activating 
the nozzle drive mechanism M2, the lens 1 3 is raised 
only distance d (see Fig. 1 ) by the lens drive mechanism 
Ml , and the focus position of the laser beam 14 is moved 
(raised) to a predetermined cutting focus position 14b, 
which is higher than the piercing focus position 14a (see 
Fig. 1). This cutting focus position 14b assumes appli- 
cation to a plate having a thickness from several mm lo 
a maximum of 25 mm, and generally il is set in the vi- 
cinity of the upper surface of the cut work 12. In addition, 
while oxygen gases 15. 17 are discharged from the gas 
nozzles 16 1 S on both Ihe inner and outer sides of the 
nozzle 11, the laser beam 14 is applied to the cut work 
12, and by moving the processing head 10 horizontally 
along the cut work 12, cutting is carried out. 
[006B] In the movement from the piercing operation 
to the cutting operation, the height ot the nozzle 11 and 
the lens 13 can be changed, and nozzle 11 can be used 
as-is without being exchanged. After completion ol the 
piercing operation, the processing head 10 can begin 
the cutting operation after the nozzle H is positioned 
with respect too the piercing hole 26. 
[0069] The activation of the mechanism (not shown) 
which moves the lens drive mechanism Ml , The nozzle 
drive mechanism M2, and the processing head 20 is 
controlled by tne dnve control unit 29. The control of the 
height of the nozzle 11 and the lens id is based on data 
prerecorded in the drive control unit 29, and is automal- 
ic. 

[0070] The drive control unit 29 in Fig. 1 and Fig. 2 
forms a contouring mechanism which automatically po- 
sitions the nozzle 11 at the intended height from the cut 
work 12. As this contouring mechanism, lor example, a 
static electnchy capacity formula which maintains the 
static electricity capacity between the nozzle 11 and the 
cut work 12 at a constant, or a differential pressure for- 
mula which maintains the gas pressure formed between 
the nozzle and the cut work 12 by the gas blowing from 
the noZ2le 11 lo the work 12 at a constant can be used, 
and in either construction, the detection value of the noz- 


zle 11 from the cut work 12 delected in the height de- 
tection unit 30 is input into the drive control unit 29, and 
thereby the nozzle 11 is automatically controlled so as 
to be at a preset intended height. 
[0071] For example, in moving from the piercing op- 
©ration to the cutting operation, by activating the lens 
drive mechanism Ml and the nozzle drive mechanism 
M2 based on a command from Ihe drive control unit 29 
while referencing the detected value from the height de- 
tection unit 30, the lens 13 is raised and the nozzle 11 
is lowered, and both are respectively automatically dis- 
posed at a predetermined height Irom the cut work 12. 
Contrariwise, in moving Irom the cutting to piercing, the 
fens 1 3 is lowered, and the focus position is moved to a 
piercing focus position 14a below only the distance d 
which is set with respect to the cutting focus position 
14b, the nozzle 11 is raised. 

[0072] Because the moving distance d between Ihe 
focus positions 14a and 14b changes according to the 
plate thickness of Ihe cut work 12, even if the plate thick- 
ness ol the cut work 1 2 changes, with respect to the cut- 
ting focus position 14b which is constant, the piercing 
focus position 14a automatically changes with each of 
the plate thicknesses of the cut works 12. 
[0073] In this manner, whenever there is a piercing 
operation, the piercing locus position 14a is not set with 
the upper surface of the cut work 12 as the standard 
position, but the cutting focus position 14b, which set in 
advance the upper surface of the cut work 12 as the 
standard position, is set as the standard, and if data 
about the thickness of the cut work 1 2 is input in addition 
to the cutting focus position 1 4b wh ich is set in advance, 
the piercing focus position 14a is automatically set. An 
arbitrary point of the expected cutting position (not 
shown) which extends a long distance on the cut work 
12 in comparison with the expected piercing position is 
made the standard* and simply by setting the cutting fo- 
cus position 14b, even if the expected piercing position 
21 (see Fig. 5) is a position at the edge or a corner of 
the cut work 12, it is possible to easily set the intended 
piercing focus position 14a. 

[0074] As shown in Fig. B and Fig. 9, if the distance L 
from the surface (upper surface) of the cut work 12 to 
the piercing focus position 14a is too targe or too small, 
the effects ol reduction of piercing time and the reduc- 
tion of the radius of the formed piercing hole 26 cannot 
be sufficiently obtained. Therefore, the present inven- 
tors searched lor the optimal range of the distance L 
[0075] For example, as shown in Fig. 8, for a cut work 
12 with a plate thickness of 12 mm, in order to reduce 
the piercing time, a range of 6 - 1 2 mm for the distance 
L is optimal, and as shown in Fig. 9. tor a cut work 12 
with a plat© thickness of 1 6 mm. in order to minimize the 
radius of the piercing hole 16. a range ot 8 — 16 mm for 
the distance L is Optimal. In addition, as a result of find- 
ing these conditions, the inventors discovered that the 
distance L which obtains both the effects of reducing 
piercing time and minimizing the radius ot the piercing 
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hole 2S is the range of 1 J 2 1 - 1 1 (the same as the half 
thD thickness of the plftle or greater), when the plate 
thickness t of the cut work 12 is the standard 
[0076] The nozzle 11b shown in Fig 4 is superior in 
that it focuses the low concentration gas 17 wiln high s 
efficiency on the piercing hole 26 during its formation by 
discharging low concern ration gas 17 from the outer pas 
nozzle 18 which is inclined. The angle of inclination e 
within the outer gas discharge nozzle 18 facing both 
sides of this nozzle Hb in the radial direction, as is "> 
shown in Fig. 1 0, is optimal at 1 50" or a somewhal small- 
er angle. At this angle 9, It is possible to realize reliably 
the two points of removing with high efficiency sputter 
and molten metal from the within piercing hole 26 during 
formation, and obtaining the intended oxygen concen- is 
tration wnhtn the piercing hole 26. Moreover, in Fig. 10, 
the larger the angle a, it is possible to make the radius 
of the forming piercing hole 26 smaller. However, when 
the angle 6 exceeds 150* (the angle of inclination with 
respect to the surface of the cut work 1 2 is less than 20 
30 A ), piercing becomes impossible, and 150° was iden- 
tified as the upper limit Tor the angle 6, 
[0077] Moreover, when the piercing hole 26 Is partic- 
ularly deep, by making the angle 9 small, the low con- 
centration gas 1 7 could be made to reach the interior of 
the piercing hole 26. For example, when using a differ- 
ent nozzle man nozzle 11 b, it is easy to make the angle 
of inclination with respect to the upper surface of the cut 
work 1 2 small, but m consideration of interference, etc . 
with the nozzle 1 1 b. because there is a limit in increasing 30 
the angle of inclination with respect 10 the upper surface 
of the cut work 1 2 on this point, the present embodiment 
is superior 

[0078] In Fig. 11, as an embodiment, under the con- 
dhtons of the above separation L and the angle of inch- 3$ 
nation 6. the height of the nozzle 11 during piercing was 
set to a height s = 3 mm (see Fig. 1 and Fig. 2 for s): 
higher than the nozzle 11 during cutting, and using a 6 
kW output laser beam output by continuous oscillation, 
a piercing operation was carried out on a steel plate 4o 
comprising soft steel. In addition, as a comparison ex- 
ample, under the same condition of separation L. a 
piercing operation was carried out using a 4.5 kW output 
laser beam output with pulse oscillation and a duty ratio 
of 20%. Comparing both of these, in a range of plate 
thickness of 6 ~ 25 mm, It Is clear mat the embodiment 
1 could considerably reduce the piercing lime in com- 
parison (o the comparison example 
[0079] F01 example, in an experiment conducted by 
the present inventors, using the laser beam 14 of the &o 
above embodiment, when carrying out piercing on a cut 
work 12 wiih a thickness of 6 ~ 22 mm. the formation 
Of tne piercing hole 26 was completed in 0.25 sec. At 
this time, the energy applied to the cut work 12 was 
6.000 x 2.5 = 1500 J. $5 
[0OBO] Incontrest, using a4500Woullaser beam with 
pulse oscillation and a duty ratio of 20%, in the same 
manner the piercing of the cut work with a thickness of 


12 mm, the formation of the p>erce hole was completed 
in B seconds. At this time, the energy applied to the cut 
work 12 was 4500 x 0.2 x 8 = 7200 J. 
[D081] in the embodiment and comparison example 
2, in spite of the (act that the largeness (amount of re- 
moved metal) d the formed piercing holes was almost 
identical, it was found that there was a difference of sev- 
eral times in the amount of input heat to the cut work 12, 
and in the piercing of the embodiment the input heat to 
the cut work 12 was less than one-fourth that of the com- 
parison example 2. 

[0082] in addition, in the embodiment, from the 
formed piercing hole 26, when 8 continuous cuttmg op- 
eration was commenced, there was no occurrence of 
self -burning, and it was possible to carry out stable cut- 
ting reliably. 

[0083] in this manner, according to the form of the 
preaenl embodiment, by using a nozzle 11 formed by 
the double concentric inner and outer gas nozzles 16 
and 18, and discharging and supplying towards the cut 
work 12 and oxygen gas which is coaxial to the laser 
beam 14 and a low concentration gas 1 7 so as to sur- 
round it, the piercing hole 26 of the intended shape can 
be obtained with a reduced piercing time and having a 
smooth inner surface. By surrounding the outside of the 
oxygen gas 15 by the low concentration gas 17. there 
is almost no outside air, etc., drawn in during the oper- 
ation, and a highly pure oxygen can be maintained, 
which reaches to the center and deepest parts of the 
piercing hole 26 under formation, and an area with a 
highly pure oxygen is formed, and thereby, the formation 
of the piercing hole 26 in this area is promoted, and the 
piercing time is reduced. Due to this, use of a high out- 
put, continuous oscillation laser beam 14 is also possi- 
ble, and a further reduction in the piercing time can be 
implemented. By shortening the piercing time, the heat 
input to the cut work 12 during the piercing operation 
can be reduced. 

[0flfi4] As a result, when moving form the piercing to 
the cutting operation, because the cause of incomplete 
cutting is eliminated, It is possible to stabilize cutting at 
the commencement of the cutting operation, and there- 
by it is possible increase the quality of the cut. 
[0065] In addition, because the no2*(e 11 formed by 
the concentric inner and outer gas nozzles 16 and 18 
discharges gas from the outer gas nozzle 1 8 during cut- 
ting, sputter and molten metal adhering 10 both the inner 
and outer gas nozzles 16 and 16 can be prevented. 
[0086] When the a blow nozzle which only discharges 
blow gas during piercing is provided separately from 
nozzle 11 , in order to avoid the adhering of sputter and 
molten metal during the cutting operation, a drive mech- 
anism for shunting this blow gas from the cutting nozzle 
is necessary, but in the nozzle 11 and the laser cutting 
apparatus according to the present embodiment this 
kind of mechanism is unnecessary, and thus the cost 
can be reduced However, in a blow nozzle which re- 
quires shunting, time for shunting after the Completion 
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Of the piercing operation is necessary, but in the nozzle 
11 and the User cutting apparatus according to the 
present embodiment, this shunting time is unnecessary, 
and it is possible to move continuously to the cutting op- 
eration after completion of the piercing operation, and 
also has the advantage of being able to shorten the nec- 
essary time from piecing to completion of the cutting. 
[0087] Moreover, the present invention is not limited 
to the above embodiments, and suitable alterations are 
possible 

[0036] For example, the flow control of the oxygen gas 
discharged from the inner gas nozzle and the flow con- 
trol of the low concentration gas discharged form the 
outer gas nozzle can be connected, etc., and for control 
of the flow, concentration, etc., of the gas supplied and 
discharged towards the piercing position, various types 
of mechanism can bo employed. 
[0089] As shown in Fig 1 2, an oxygen supply part 33 
is connected to MFC 32 which supplies a low concen- 
tration gas 17 of the intended composition to the outer 
gas nozzle 1 B, and by sending oxygen gas from this ox- 
ygen supply part 33, it Is possible to employ a construc- 
tion which controls the nitrogen gss purity in the low con- 
centration gas 1 7 However, if the minimum of the nitro- 
gen concentration is 50%, concentrations greater than 
this can be maintained. In this case, the oxygen concen- 
tration within the low concentration gas 17 can also be 
adjusted, and thus, (t is possible to control mora finely 
the oxygen concenlration distribution in the piercing 
hole 26 under formation. The oxygen supply part 33 can 
be the nitrogen concentration control mechanism. 
[0090] In addition, the laser processing nozzle is not 
limited to a construction wherein the inner and outer gas 
nozzles 16 and 1B are formed in the same nozzle 11, 
and for example, n is possible to use a structure wherein 
a unit, wherein a nozzle hole corresponding to the outer 
gas nozzle is formed, can be attached and assembled 
on the outside of the cutting nozzle which forms the noz- 
zle hole corresponding to the inner gas noz2te. In this 
case the laser processing nozzle and laser cutting ap- 
paratus according to the present invention can adopted 
simply and at bw cost lo existing noz2les and laser cut- 
ting apparatuses. 


Claims 

1 . A laser piercing method carried out before the laser 
cutting of a cut work 12, characterized in. 

a high purity oxygen gas 1 5 coaxial with a la- 
ser beam 14 applied to a cut work 12 being supplied 
and discharged towards said cut work 12, and at 
tho same time a low concentration gas 17 having a 
low oxygen concentration and major compononts 
comprising nitrogen gas or air or a mixture thereof 
being supplied and discharged towards said cut 
work 12 from an outer gas nozzle 18 disposed 
around the outside of the gas tow of said oxygen 


gas 15. 

2. A laser piercing method according to Claim 1 char- 
acterized in the discharge direction of said low con- 

5 eventration gas 17 being inclined towards the center 
of said oxygen gas 15 discharged towards said cut 
work 12. 

3. A laser piercing method according to Claim 1 char- 
io actenzed in an oil 19 being applied in advance in 

the area of the intended piercing position 21 of the 
cut work 1 2 before the application of the laser beam 
14. 

4. A laser piercing method according to Claim 1 char- 
acterized in the focus position 14a during piercing 
by the laser beam 1 4 applied to the cut work 1 2 dif- 
fers from that during the cutting that is carried out 
subsequently. 

20 

5. A laser pieicmg method according to Claim 4 char- 
acterized in the focus position 14a of the laser beam 
14 during piercing being set more forward in the ap- 
plication direction than during cutting. 

6. A laser piercing method according to Claim 1 Char- 
acterized in the laser beam focus position 1 4a dur- 
ing the piercing operation changing with each plate 
thickness of the cut works 12. 

30 

7. A laser piercing method according to Claim 1 char- 
acterized in the laser processing nozzle 11, 11a, 11b 
being provided with an inner gas nozzle 16 which 
discharges said oxygen gas id and said outer gas 

35 nozzle 18 is provided surrounding the outside of 
said inner gas nozzle 1 6, and distance of separation 
of the laser processing nozzle 11. 11a, 11 b with re- 
spect to the cut work 12 differs from that during the 
cutting carried out subsequently. » 

40 

8w A laser piercing method according to Claim 7 char- 
acterized in the distance of separation during the 
piercing operation of said laser processing nozzle 
11 . 11a, 11b with respect to the cut work 12 being 
4£ set larger than that during the cutting carried out 
subsequently. 

9. A laser processing nozzle 11, 11a, 11b used in the 
laser piercing operation which is carried out before 
So ihe laser cutting of the cut work 12, characterized 
in comprising; 

an inner gas nozzle 16 which the laser beam 
14 applied to the cut work 12 passes through, 
55 and discharges a high purity oxygen gas 15 to- 

wards said cut work 12 coaxially to said laser 
beam 14; and 

an outer gas nozzle 1B which is provided eur- 


3. 

10 
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rounding the outside ol said inner gas nozzle 
16. and supplies and discharges towards said 
cut work 12 a low concentration gas 17 with a 
low concentration of oxygen and major compo- 
nents comprising nitrogen gas. air, or a mixture 
thereof 


10. A laser processing nozzle according to Claim 9 
characterized in openrng 18a viciniiy of said outer 
gas nozzle 18 inclining so that the direction of the 
discharge of said low concentration gas 1 7 inclines 
towards said oxygen gas 15 flow discharged to- 
wards said cut work 12. 


10 


11. A laser cutting method characterized in providing 
me laser processmg no22ie according to Claim 9. 


15 


12. A laser cutung apparatus according to Claim 11 
characterized in providing an oil application mech- 
anism 28 which applies oil 1 9 10 the cut work 1 2. so 

13. A laser cutting apparatus according to Claim 11 
characterized in providing a laser drive mechanism 
M1 which alters the focus position ol the laser beam 

14 by moving a lens 1 3 based on data provided in 25 
advance. 


14. A laser cutting apparatus according to Claim 11 
characterized in providing a contouring mechanism 
29 which automatically controls the separation dis- 
tance of the laser processing nozzle 11. 11 a. lib 
with respect to the cut work 12 based on data pro- 
vided in advance. 


30 


15. A laser cutting apparatus according to Claim 11 
characterized rn providing a nitrogen concentration 
control mechanism 33 which controls the nitrogen 
concentration of the low concentration gas 17 by 
mixing oxygen gas in the tow concentration gas 17 
discharged from the outer gas nozzle 18. 
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Laser piercing method, laser processing nozzle, and laser cutting apparatus 


(57) In a piercing operation prior to the laser cutting 
of steel, etc., the development of a technology in which 
a piercing hole of the intended shape Is obtained in a 
short time, even for a thick cut work. 

An oxygen gas (15) coaxial to the laser beam (14) 
applied towards me cut work (1 2) and a low concentra- 
tion gas (1 7) with a low oxygen concentration and major 
components comprising nitrogen gas, air, or a mixture 
thereof discharged from an outer gas nozzle (18) dis- 
posed so as to surround the outer side of the flow of this 
oxygen gas (15) is supplied and disposed towards said 
cut work (12), and can realize shortening or the time, 
etc., of the piercing operation time by applying a laser 
beam (14) to ine cut work (12). In addition, a laser 
processing nozzle (11) provided with an inner gas noz- 
zle (16) which discharges oxygen gas (15) and an outer 
gas nozzle (1 8) which discharges low concentration gas 
(17), and a laser cutting apparatus provided with this 
nozzle (11 ) is provided. 


FIG.l 
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